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© Phased locked loop to provide precise frequency and phase tracking of two signals. 



© A device and method are presented which allow 
the precise generation of signals within an integrated 
circuit that are calibrated to an external reference 
signal. The device consists of a ring oscillator which 
generates a calibration signal oscillating at a first 
frequency and a power source that supplies a com- 
pensated power signal to the ring oscillator. The first 
frequency is variable based on the voltage of the 
compensated power signal. A phase detector is used 
to detect the relative phase of the calibration signal 
and the external reference signal. The compensated 



power signal is alos used for critical data paths 
within the integrated circuit where precise timing is 
required. In a tester, a plurality of signals may be 
extracted from the ring oscillator using a series of 
taps. These signals will oscillate at the same fre- 
quency as the calibration signal, but will be phase 
shifted. The signals may be combined with mul- 
tiplexors to form a test signal which is applied to a 
device unter test (DUT). Further, in order to make 
transparent propagation delay, delayed calibration 
signals may be generated. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a phased lock 
loop used on an integrated circuit to provide pre- 
cise frequency and phase tracking of two signals. 

Description of the Prior Art 

In many applications, such as generating sig- 
nals for testing integrated circuits, it is desirable to 
generate timing signals which have a great deal of 
precision. For example, some applications require 
two signals to be offset from 'one another by a 
predictable amount less than a nano second. Tradi- 
tional means of generating signals with such preci- 
sion have been very difficult and solutions have 
been very expensive. 

Typically this type of precision in signal gen- 
eration has not been available in many inexpensive 
integrated circuit technologies such as CMOS. This 
is because the process by which these integrated 
circuits are manufacturea has not allowed for suffi- 
cient control of process parameters or the limiting 
of sensitivity to environmental factors so as to allow 
timing to be predicted at the degree of certainty 
required for such applications. 



SUMMARY OF THE INVENTION 



In accordance with the preferred embodiment 
of the present invention a device and method are 
presented which allows the precise generation of 
signals within an integrated circuit that are cali- 
brated to an external reference signal. The device 
consists of a ring oscillator which generates a cali- 
bration signal oscillating at a first frequency and a 
power source that supplies a compensated power 
signal to the ring oscillator. The first frequency is 
variable based on the voltage of the compensated 
power signal. As the voltage of the compensated 
power signal is increased, the first frequency in- 
creases. As the voltage of the compensated power 
signal is decreased, the first frequency decreases. 
A phase detector is used to detect the relative 
phase of the calibration signal and the external 
reference signal. When the phase of the calibration 
signal is delayed relative to the phase of the exter- 
nal reference signal, the voltage of the compen- 
sated power signal is increased. When the phase 
of the external reference signal is delayed relative 
to the phase of the calibration signal the voltage of 



the compensated power signal is decreased. The 
compensated power signal is also used for com- 
pensating critical data paths within the integrated 
circuit where precise timing is required. 
5 In a tester, a plurality of signals may be ex- 

tracted from the ring oscillator using a series of 
taps. These signals will oscillate at the same fre- 
quency as the calibration signal, but will be phase 
shifted. The signals may be selected with mul- 

w tiplexers to form a test signal which is applied to a 
device under test (DUT). 

In order to make other propagation delays both 
internal and external to the integrated circuit trans- 
parent, delayed calibration signals may be gen- 

75 erated. For example, a first delayed calibration 
signal may be generated by delaying the calibra- 
tion signal an amount equal to the propagation 
delay through the multiplexers and other circuitry 
within the integrated circuit. A second delayed cali- 

20 bration signal may be generated by delaying the 
first delayed calibration signal an amount equal to 
the amount of phase offset which results from the 
propagation delay of the test signal traveling from 
the integrated circuit to the DUT and returning from 

25 the DUT to the integrated circuit (the round trip 
delay). 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read 
30 the following, detailed description of the preferred 
embodiment which is illustrated in the various 
drawing figures. 



35 IN THE DRAWINGS 



Fig. 1 shows a diagrammatical block dia- 
gram of an integrated circuit tester in accordance 
40 with the preferred embodiment of the present in- 
vention. 

Fig. 2 shows a block diagram of an in- 
tegrated circuit used to present signals to a device 
being tested by the integrated circuit tester of Fig. 

45 1 in accordance with the preferred embodiment of 
the present invention. 

Fig. 3 shows a block diagram of a phased 
lock loop within the integrated circuit shown in Fig. 
2 in accordance with the preferred embodiment of 

50 the present invention. 

Fig. 4 shows a block diagram of various data 
paths within the integrated circuit which are used 
for generating compensated delay according to the 
preferred embodiment of the present invention. 

55 Fig. 5 shows implementation detail of a ring 

oscillator shown in Fig. 3. 

DESCRIPTION OF THE PREFERRED EMBODI- 
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In Fig. 1 an integrated circuit tester is shown. A 
device under test (DUT) 119 is shown connected to 
a clock 118, a sequencer 117, one or more high 
performance precision measurement units (PMU) 
116, one or more dual device power supplies 
(DPS) 115 and up to nineteen per pin sixteen 
channel input/output (16 CH I/O) cards 114. Clock 
118, sequencer 117, PMU 116. DPS 115 and 16 
CH I/O cards 114 are each coupled to a bus 113. 
Bus 113 is a modified 32-bit VME bus. 

Interface hardware direct memory access 
(DMA) engine 108 serves as an interface between 
bus 113 and a bus 100. Bus 100 is an A32/D32 
VME bus. To bus 100 may be connected various 
devices which provide the necessary processing 
power and interfaces to the integrated circuit tester. 
For example, in Fig. 1 a central processing unit 
(CPU) 101 providing an RS-232 connection 108, a 
CPU interface 102 providing a SCSI/ETHERNET 
interface 109. a CPU interlace 103 providing an 
interface 110 for a keyboard and a monitor, an 
expansion memory board 104, an expansion mem- 
ory board 105, an expansion memory board 106 
and an IEEE 488 interface 107 providing connec- 
tions 111 to peripheral devices are shown con- 
nected to bus 100. 

Each of the 16 CH I/O cards 114 contain eight 
CMOS integrated circuits. Each of the eight CMOS 
integrated circuits has two channels, each channel 
generating signals for a signal pin of DUT 119. 

Fig. 2 shows a block diagram of an integrated 
circuit 200 which is one of the CMOS integrated 
circuits which are part of a 16 CH I/O card 114. A 
chip control 202 is the major time generator for 
integrated circuit 200. Chip control 202 acts as an 
interface to bus 133 through lines 211, an interface 
to memory within 16 CH I/O card 114 through lines 
212, and an interface to sequencer 117 through 
lines 213. 

A time base 205 generates time signals for 
integrated circuit 200. Particularly, time base 205 
produces a signal 220 which is a high frequency 
signal that is phased locked to an external refer- 
ence oscillator signal 306. Time base 205 also 
generates a signal 221 which is a high frequency 
signal that is delay adjusted to occur just before 
signal 220. Finally, time base 205 generates thirty- 
one pulse generator outputs 218 for each cycle of 
signal 220. 

Channel 0 includes multiple clock and cycle 
extend registers 201. six timing edge generators 
204, analog delay add control resync 207 and 
formatter 208. Similarly, channel 1 includes mul- 
tiple clock and cycle extend registers 203, six 
timing edge generators 206, analog delay and con- 



trol resync 210 and formatter 209. 

Multiple clock and cycle extend registers 201 
receive input from chip control 202 which includes 
a clock signal based on signal 220. From the clock 

5 signal from chip control 202, multiple clock and 
cycle extend registers 201 generate multiple clocks 
215 and a window mili signal 214. 

Six timing edge generators 204 receives win- 
dow mili signal 214 and multiple clocks 215 from 

70 multiple clock and cycle extend registers 201, and 
receives signals 218 from time base 205. Six tim- 
ing edge generators 204 is able to combine mili 
signal 214 with one of multiplexed thirty-one pulse 
generator outputs 218, and provide for additional 

75 high resolution delay using 100 picosecond taps, 
and otherwise process signals before forwarding 
signals 224 to formatter 208. 

Formatter 208 formats data for transfer through 
lines 226 to a pin of DUT 119. Also through lines 

20 226 formatter 208 receives data from DUT 1 19. 

Likewise, multiple clock and cycle extend reg- 
isters 203 receive input from chip control 202 
which includes a clock signal based on signal 220. 
From the clock signal from chip control 202, mui- 

25 tipie clock and cycle extend registers 203 generate 
multiple clocks 216 and a window mili signal 217. 

Six timing edge generators 206 receives win- 
dow mili signal 217 and multiple clocks 216 from 
multiple clock and cycle extend registers 203, and 

30 receives signal 218 from time base 205. Six timing 
edge generators 206 is able to combine mili signal 
217 with one of multiplexed thirty-one pulse gener- 
ator outputs 218, and provide for additional high 
resolution delay using 100 picosecond taps, and 

35 otherwise process signals before forwarding signals 
225 to formatter 209. 

Formatter 209 formats data for transfer through 
lines 227 to a pin of DUT 119. Also through lines 
227 formatter 209 receives data from DUT 119. 

40 Analog delay and control resync 207 and ana- 

log delay and control resync 210 provide delay to 
data paths external to integrated circuit 200 in 
order to compensate for delays caused by trans- 
mission of signals from integrated circuit 200 to 

45 DUT 119 and from DUT 119 back to integrated 
circuit 200. 

Analog delay and control resync 207 produces 
a signal 222. Signal 222 has the same frequency 
as signal 306, but is phase offset under program 

50 control from signal 218 by the amount of phase 
offset caused by the round trip signal for a signal 
from integrated circuit 200 to DUT 119. That is, the 
time it takes a signal to travel from integrated 
circuit 200 to DUT 119 and back is several cycles 

55 of signal 306 plus an analog remainder. Signal 222 
is phase offset from signal 218 by this analog 
remainder. 

Analog delay and control resync 21 0 produces 
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a signal 223. Signal 223 is delay adjusted to occur 
just before signal 222. Signal 223 is used to bring 
all internal response control data from memory, 
major time subsystem, and external format se- 
quencers earlier than signal 218. The reason for 
the early data phase shift to the format sequencers 
is so that the generated signal, when brought out 
for examination, may appear to the examiner to be 
zero phase shifted from signal 218 and signal 306. 

Fig. 3 is a block diagram of time base 205. 
Time base 205 produces signal 220 and phase 
locks signal 220 to external refernece oscillator 
signal 306. External reference oscillator signal 306 
is used for all integrated circuits within 16 CH I/O 
boards 114. In this way all integrated circuits within 
CH I/O boards 114 may be synchronized and the 
frequency of test signals sent to DUT 119 may be 
accurately controlled. 

A divide by 16 block 301 receives external 
reference oscillator signal 306. Divide by 16 block 
301 produces signal 318. which is a signal oscillat- 
ing at exactly one sixteenth the frequency of exter- 
nal reference oscillator signal 306. 

A type 4 phase/frequency detector 302 re- 
ceives a signal 318. Type 4 phase/frequency de- 
tector 302 acts as part of a phased locked loop. A 
phased locked loop is a specific form of closed 
loop feedback system that provides precise fre- 
quency and phase tracking of two signals. The 
phased lock within time base 205 includes a refer- 
ence signal - signal 318 - some form of error or 
difference detector - type 4 phase/frequency de- 
tector 302 - and a controllable generator that re- 
sponds to the error or difference signal. A constant 
current INC DEC charge pump 303 acts as the 
controllable generator for the phase locked loop. 
Divide by 16 block 301, type 4 phase/frequency 
detector 302 and constant current INC/DEC charge 
pump 303 form a comparator 401 shown in Fig. 4. 

Type 4 phase/frequency detector produces an 
increment signal 307 and a decrement signal 308. 
Constant current JNC/DEC charge pump 303, on 
the basis of these signals, increments or decre- 
ments the voltage of a compensated power signal 
315. Constant current INC/DEC charge pump 303 
also receives an input analog power signal 310 and 
analog ground signal 311 which are also used to 
generate compensated power signal 315. 

Compensated power signal 315 is used as a 
power source for a ring oscillator. Ring oscillator 
304 consists of a loop of thirty-one logical inverter 
gates 50, as shown in Fig. 5. Each logical inverter 
gate has as its power source compensated power 
signal 315. As the voltage of compensated power 
signal 315 is increased, the performance speed of 
each logical inverter gate 50 is increased, and the 
frequency of oscillation of ring oscillator 304 is 
increased. As the voltage of compensated power 



signal 315 is decreased, the performance speed of 
each logical inverter gate 50 is decreased, and the 
frequency of oscillation of ring oscillator 304 is 
decreased. . 

5 The output of each logical inverter is tapped by 

taps 51. shown in Fig. 5, and level shifted to 
produce thirty-one pulse generator outputs 218. 
Ring oscillator 304 also produces a control signal 
316 which is used by a nano and pico circuit plus 

10 standard cell delay 305 to generate signal 220 and 
feedback signal 317. Signal 220 is phase locked to 
external reference oscillator signal 306. Feedback 
signal 317 oscillates at the same frequency as 
signal 220; however, feedback signal 317 is skew- 

15 ed from signal 220 and is used as feedback to type 
4 phase/frequency detector 302. A divide by 16 
portion of type 4 phase/frequency detector 302 
reduces the frequency of feedback signal 317 to 
produce a signal that may be matched to signal 

20 318. 

When the signals received by 4 
phase/frequency detector 302 are out of phase, 
type 4 phase/frequency detector, through incre- 
ment signal 307 or decrement signal 308 will cause 

25 constant current INC/DEC charge pump 303 to 
increase or decrease compensated power signal 
315, thereby increasing or decreasing the frequen- 
cy of oscillation of ring oscillator 304, which 
changes the frequencyphase of feedback signal 

30 317 bringing the signals received by tape 4 
phase/frequency detector 302 back in phase. 

Current fabrication processes which produce 
various types of integrated circuits, for example 
those used to produce CMOS integrated circuits. 

35 result in a wide variance of the speed of operation 
between integrated circuits. However, within any 
particular integrated circuit, the performance of 
gates is fairiy uniform. 

Gates within ring oscillator 304 need to operate 

40 at a known speed in order for signal 220 to be 
phase locked to external reference signal 306. The 
voltage of compensated power signal 315 that 
causes signal 220 to be phase locked to external 
reference signal 315 causes the gates within ring 

45 oscillator 304 to operate at this known speed. Since 
the speed at whin gates operate is fairly uniform 
across integrated circuit 200, other gates will also 
operate at or very close to the known speed when 
powered by compensated power signal 315. There- 

50 fore, compensated power signal 315 may be used 
to power other gates within integrated circuit 200 in 
critical data paths, that is, gates in data paths 
where it is critical to know the time of propagation 
of a signal through the gates within the data path. 

55 Fig. 4 illustrates how signals within integrated 

circuit 200 compensate for delay. Any of thirty-one 
pulse generator outputs 218 selected to be placed 
on lines 226 for transfer to DUT 119 typically pass 
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through a nano multiplexer 403, a pico multiplexer 
404 and standard cell gates 405 which are within 
six edge generators 204 and formatter 208. Each of 
nano multiplexer 403, pico multiplexer 404 and 
standard cell gates 405 causes a delay. In order 
that signal 220 may be in phase with signals that 
are sent to DUT 119, after exiting ring oscillator 
304, signal 316 is placed through an equivalent 
delay 406 of nano multiplexer 403, an equivalent 
delay 407 of pico multiplexer 404, an equivalent 
delay of 408 of standard cell gates 405, and a 
buffer 410 which takes into account transmission 
delay from integrated circuit 200 to DUT 119. 

As shown in Fig. 4, signal 317 is further de- 
layed by equivalent circuit 408 before being fed 
back to comparator 401. Compensation circuit 411," 
compensation circuit 412, compensation circuit 413 
and compensation circuit 414 within analog delay 
207 are used to provide additional delay in the 
production of signal 222. 

Although the present invention has been de- 
scribed in terms of the presently preferred embodi- 
ment, it is to be understood that such disclosure is 
not to be interpreted as limiting. Various alterations 
and modifications will no doubt become apparent 
to those skilled in the art after having read the 
above disclosure. Accordingly, it is intended that 
the appended claims be interpreted as covering all 
alterations and modifications as fall within the true 
spirit and scope of the invention. 



Claims 

1. A device for use within an integrated circuit 
and which utilizes an external reference oscillating 
signal to calibrate signals within the integrated cir- 
cuit, the device comprising: 
a ring oscillator for generating a calibration signal 
oscillating at a first frequency which is to be 
matched to the frequency of oscillation of the ex- 
ternal reference oscillating signal; 
a power source for supplying a compensated pow- 
er signal to the ring oscillator, the frequency of 
oscillation of said calibration signal increasing when 
the voltage of said compensated power signal is 
increased, and the frequency of oscillation of said 
calibration signal decreasing when the voltage of 
said compensated power signal is decreased, the 
voltage of said compensated power signal being 
responsive to a control signal; 
phase detector means, coupled to the power 
source, for receiving as input said calibration signal 
and said reference oscillating signal and for gen- 
erating said control signal, the phase detector 
means varying said control signal so that said first 
frequency matches the frequency of oscillation of 
the external reference oscillating signal; and 
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wherein said compensated power signal is used in 
other portions of the integrated circuit which are 
critical data paths. 

2. A device for use within an integrated circuit 
5 and which utilizes an external reference oscillating 

signal to calibrate signals within the integrated cir- 
cuit, the device comprising: 

a ring oscillator for generating a calibration signal 
oscillating at a first frequency which is to be 

10 matched to the frequency of oscillation of the ex- 
ternal reference oscillating signal; 
a power source for supplying a compensated pow- 
er signal to the ring oscillator, the frequency of 
oscillation of said calibration signal increasing when 

75 the voltage of said compensated power signal is 
, increased, and the frequency of oscillation of said 
calibration signal decreasing when the voltage of 
said compensated power signal is decreased, the 
voltage of said compensated power signal being 

20 responsive to a control signal; 

phase detector means, coupled to the power 
source, for receiving as input said calibration signal 
and said reference oscillating signal and for gen- 
erating said control signal, the phase detector 

25 means varying said control signal so that said first 
frequency matches the frequency of oscillation of 
the external reference oscillating signal; and 
a plurality of taps, each tap coupled to said ring 
oscillator at a different location of said ring oscilla- 

30 tor each tapping said ring oscillator so as to gen- 
erate a signal' which is phase shifted from said 
calibration signal. 

3. An integrated circuit for use within a tester of 
a first device and which integrated circuit utilizes 

35 an external reference oscillating signal to calibrate 
signals generated within the integrated circuit for 
transfer to the first device, the integrated circuit 
comprising: 

a ring oscillator for generating a calibration signal 

40 oscillating at a first frequency which is to be 
matched to the frequency of oscillation of said 
external reference oscillating signal; 
a power source that supplies a compensated power 
signal to the ring oscillator, the frequency of os- 

45 ciilation of said calibration signal increasing when 
the voltage of said compensated power signal is 
increased, and the frequency of oscillation of said 
calibration signal decreasing when the voltage of 
said compensated power signal is decreased, the 

50 voltage of said compensated power signal being 
responsive to a control signal; and 
phase detector means, coupled to the power 
source, for receiving as input said calibration signal 
and said reference oscillating signal and for gen- 

55 erating said control signal, the phase detector 
means varying said control signal so that said first 
frequency matches the frequency of oscillation of 
said external reference oscillating signal, 
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wherein said compensated power signal is used in 
other portions of the integrated circuit which are 
critical data paths. 

4. The integrated circuit of claim 3 further 
comprising: 

an integrated circuit for use with a tester of a first 
device and which integrated circuit utilizes an ex- 
ternal reference oscillating signal to calibrate sig- 
nals generated within the integrated circuit for 
transfer to the first device, the integrated circuit 
comprising: 

a ring oscillator for generating a calibration signal 
oscillating at a first frequency which is to be 
matched to the frequency of oscillation of said 
external reference oscillating signal; 
a power source that supplies a compensated power 
signal to the ring oscillator, the frequency of os- 
cillation of said calibration signal increases when 
the voltage of said compensated power signal is 
increased, and the frequency of oscillation of said 
calibration signal decreasing when the voltage of 
said compensated power signal is decreased, the 
voltage of said compensated power signal being 
responsive to a control signal; 
phase detector means, coupled to the power 
source, for receiving as input said calibration signal 
and said reference oscillating signal and for gen- 
erating said control signal, the phase detector 
means varying said control signal so that the first 
frequency matches the freauency of oscillation of 
said external reference oscillating signal; and 
a plurality of taps, each tap coupled to the ring 
oscillator at a different location of the ring oscillator 
each tapping the ring oscillator so as to generate a 
first plurality of signals which are phase shifted 
from said calibration signal. 

5. The integrated circuit of claim 4 further 
comprising: 

a plurality of multiplexers coupled to said first plu- 
rality of signals for generating a test signal for 
transmission to the first device. 

6. The integrated circuit of claim 5 further 
comprising: 

first delay means, to v/hich said calibration signal is 
applied, for generating a first delayed calibration 
signal, the phase of said first delayed calibration 
signal being offset from the phase of said calibra- 
tion signal by the amount of propagation delay 
through said plurality of multiplexers. 

7. The integrated circuit of claim 6 additionally 
comprising: 

second deiay means, to which said first delayed 
calibration signals is applied, for generating a sec- 
ond delayed calibration signal, the phase of said 
second delayed calibration signal being additionally 
offset from the phase of said calibration signal to 
account for the amount of propagation delay that 
occurs when said test signal is sent from the in- 



tegrated circuit to the first device and is returned 
from the first device to the integrated circuit. 

8. A method for calibrating signals generated 
by an integrated circuit to an external reference 

5 ociliating signal, the method comprising the follow- 
ing steps: 

a. generating a calibration oscillating signal 
using a first plurality of gates within the integrated 
circuit; 

'0 b. varying the voltage of a power signal 

supplying power to said first plurality of gates in 
order to match the frequency of oscillation of said 
calibration oscillating signal to the frequency of 
oscillation of said external reference oscillating sig- 

/5 nal; and 

c. using said power signal in other portions 
of the integrated circuit which are critical data 
paths. 

9. The method of claim 8 wherein said first 
20 plurality of gates is arranged in the shape of a ring 

oscillator. 

10. The method of claim 8 wherein step (b) 
comprises the substeps of 

bl. dividing said external reference oscillat- 
25 ing signal and said calibration oscillating signal to 
generate respectively a divided external reference 
oscillating signal and a divided calibration oscillat- 
ing signal; 

b2. increasing the voltage of said power sig- 
30 nal when said divided calibration oscillating signal 
is delayed in phase relative to said divided external 
reference oscillating signal; and 

b3. decreasing the voltage of said power 
signal when said divided external reference osciilat- 
35 ing signal is delayed in phase relative to said 
calibration oscillating signal. 

11. The method for generating calibrated sig- 
nals whithin an integrated circuit for application 
within a tester which tests a first device, the meth- 

40 od comprising the following steps: 

a. generating a calibration oscillating signal 
using a first plurality of inverters forming a ring 
oscillator; 

b. varying the voltage of a power signal 
45 supplying power to said first plurality of inverters in 

order to match the frequency of oscillation of said 
calibration oscillating signal to the frequency of 
oscillation of an external reference oscillating sig- 
nal; 

so c. tapping an output of each of said first 

plurality of inverters to produce a first plurality of 
signals; and 

d. multiplexing said first plurality of signals 
with a plurality of multiplexers to produce a test 

55 signal for application to said first device. 

12. The method of claim 11 further comprising 
the step of: 

e. generating a first delayed calibration sig- 
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nal by delaying said calibration signal an amount 
equal to the propagation delay through said plural- 
ity of multiplexers. 

13. The method of claim 12 further comprising 



f. generating a second delayed calibration ' 
signal by delaying the phase of said first delayed 
calibration signal an amount equal to the amount of 
phase offset which results from the propagation 
delay of said test signal traveling from the in- w 
tegrated circuit to said first device and returning 
from said first device to the integrated circuit. 

14. The method of claim 11 wherein step (b) 
comprises the substeps of: 

bl. dividing said external reference oscillat- is 
ing signal and said calibration oscillating signal to " 
generate respectively a divided external reference 
oscillating signal and a divided calibration oscillat- 
ing signal; 

b2. increasing the voltage of said power sig- 20 
nal when said divided calibration oscillating signal 
is delayed in phase relative to said divided external 
reference oscillating signal; and 

b3. decreasing the voltage of said power 
signal when said divided external reference oscillat- 25 
ing signal is delayed in phase relative to said 
calibration oscillating signal. 



the step of: 
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® Phased locked loop to provide precise frequency and phase tracking of two signals. 
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© A device and method are presented which allow 
the precise generation of signals within an integrated 
circuit (200) that are calibrated to an externa! refer- 
ence signal (306). The device consists of a ring 
oscillator (304) which generates a calibration signal 
(316) oscillating at a first frequency and a power 
source that supplies a compensated power signal to 
the ring oscillator (304). The first frequency is vari- 
able based on the voltage of the compensated pow- 
er signal. A phase detector (401) is used to detect 
the relative phase of the calibration signal and the 
external reference signal (306). The compensated 
power signal is also used for critical data paths 
within the integrated circuit (200) where precise tim- 
ing is required. In a tester, a plurality of signals (218) 
may be extracted from the ring oscillator (304) using 
a series of taps. These signals will oscillate at the 
same frequency as the calibration signal (316), but 
will be phase shifted. The signals may be combined 
with multiplexors (403,404) to form a test signal 
(226) which is applied to a device unter test (DUT). 
Further, in order to make transparent propagation 
delay, delayed calibration signals (317) may be gen- 
erated. 
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